To determine whether a mixed course on the Oxford unicompartmental knee arthroplasty (UKA) could improve the non-technical (cognitive) skills of performing UKA. Methods. 120 delegates consisting of consultant orthopaedic surgeons and advanced surgical trainees attended a 2-day course. 104 (87%) of the delegates had performed total knee arthroplasties, whereas 79 (66%) had performed UKAs. The course consisted of didactic lectures, interactive surgical demonstrations, and practical dry-bone skills workshops. Cognitive skills were assessed at the start (day 1) and end (day 2) of the course using 10 multiple-choice questions. The maximum test score was 10. Multilevel modelling was used to compare the pre-and post-course test scores. The pairings of pre-and post-course scores were not known because of a confidentiality clause. results. Of the 120 delegates, 71 (59%) took the pre-course test and 120 (100%) took the post-course test. The median score improved significantly from
2 (interquartile range [IQR], 0.5-3.5) to 6 (IQR, 4.5-7.5) [bootstrap p<0.0001] for every single one of the randomly allocated pairings. Most delegates had poor cognitive skills for the UKA before the course and improved significantly after the course. Subanalysis of each question topic showed significant improvement in scores for all topics after the course (bootstrap p<0.0001). Nonetheless, the extent to which individual topic scores improved varied widely. The odds ratio for the pre-versus post-course total test score was 4.36. conclusion. A mixed continuing medical education course could enhance the non-technical (cognitive) skills for UKA.
to train a surgeon is greatly reduced, making the apprenticeship-based training almost unachievable, particularly in highly technical specialities such as orthopaedic surgery. As a result, there has been a large increase in continuing medical education (CME) courses, particularly for surgical skills. [3] [4] [5] [6] Simulation-based technical skills training can improve the learning curves for surgical procedures. [7] [8] [9] Nonetheless, there are few studies evaluating the effects of CME courses on enhancing non-technical skills. Surgical competence is a multifactorial entity consisting of both technical and non-technical skills. 10, 11 These can be divided into cognitive skills (decision making, planning, and situational awareness) and social/interpersonal skills (leadership, teamwork, and communication). Simulator training can help improve skills such as preoperative planning, cognitive knowledge, intra-operative decision-making, and situational awareness. 12 Underperformance in these domains can result in poor patient outcome. 13 It is difficult to measure the effect of a CME course on patient outcome. One attempt is to assess the effectiveness of the course in enhancing non-technical skills such as knowledge. Although lecture-based courses alone do not significantly improve knowledge 14 (as assessed by a standard examination), cognitive skills such as error detection can be improved if emphasis is placed during a 'hands-on' orthopaedic skills course. 15 There are few studies assessing the value of mixed courses (comprising didactic lectures, interactive surgical demonstrations, and dry-bone skills workshops) using pre-and post-course cognitive skill tests. We therefore used a well-established Oxford unicompartmental knee arthroplasty (UKA) course as a vehicle to determine whether a mixed course could improve the non-technical skills for performing UKA. The Oxford UKA was selected as it is technically demanding and entails a steep learning curve, 16 resulting in variation in surgical performance and results. 17, 18 As described by Rasmussen, 19 a pre-and postcourse test was designed based on a well-established cognitive psychology theory for human performance during complex tasks. Human performance during complex tasks is classified into skill-based, rule-based, and knowledge-based behaviours. This model has been used by other surgical specialties to study the complexities of performing various procedures. 20, 21 Skill-based behaviours require almost no conscious effort, comprising very familiar actions performed in comfortable surroundings with the surgeon being on 'autopilot'. Rule-based behaviours are familiar to the surgeon, follow certain procedural steps, and have a logical progression leading to a known end goal. An example is milling the medial femoral condyle and subsequent equalisation of the 20º and 90º flexion gaps during UKA. Knowledgebased behaviours tackle new, unfamiliar, and more complex situations, demanding a significantly higher level of cognitive input. They depend on the surgeon's fundamental knowledge, diagnostic and analytical skills. An example is the management of unexplained pain following UKA. Depending on the individual's level of experience and surgical expertise, a rule-based task for one may be more of a knowledge-based task for another.
This study aimed to investigate the improvement in cognitive skills of orthopaedic surgeons attending a UKA course.
Materials and Methods
In September 2009, 120 delegates consisting of consultant orthopaedic surgeons and advanced surgical trainees attended a 2-day course conducted by the Orthopaedic Skills Academy (Biomet, Swindon, United Kingdom). 104 (87%) of the delegates had performed total knee arthroplasties, whereas 79 (66%) had performed UKAs. Informed consent was obtained from each participant. The course consisted of 12 sessions of didactic lectures, 2 interactive surgical demonstrations, and 2 sessions of practical dry-bone skills workshops. In addition to surgical principles and technique, there was an emphasis on non-technical skills such as surgical decision-making and error detection.
Cognitive skills (rule-and knowledge-based information processing) were assessed at the start (day 1) and end (day 2) of the course. The tests comprised 10 multiple-choice questions (with 5 possible answers); some required interpretation of radiographs. The maximum test score was 10. The questions were categorised into 3 groups, based on varying degrees of rule-or knowledge-based skills (Table) . Questions that were predominantly rule-based were: 1 (on contra-indications), 2 (on leg alignment), and 6 (on milling). Questions that were predominantly knowledge-based were: 5 (on tibial plateau fractures), 8 (on component loosening), 9 (on medial collateral ligament damage), and 10 (on unexplained pain). The remaining questions addressed a combination of rule-and knowledgebased information processing.
Multilevel modelling 22 was used to compare the pre-and post-course test scores, because 71 precourse and post-course test scores were correlated by being repeated measures on the same individuals, whereas 49 of the 120 participants who did not take the pre-course test were considered independent. The pairings of pre-and post-course scores were not known, because of a confidentiality clause imposed by the company in charge of the course. Therefore, the multilevel modelling involved a large number of repeated fittings of a 2-level binomial generalised linear model to the total test scores with random allocations of pairings for the 71 pre-course participants among the 120 who received post-course testing. Further sub-analysis was carried out for each of the 10 questions (cognitive topics) using a 3-level generalised linear model for the pre-and post-course tests. Odds ratio was also calculated for the preversus post-course test scores.
results
Of the 120 delegates, 71 (59%) took the pre-course test and 120 (100%) took the post-course test. The median score improved significantly from 2 (interquartile range [IQR], 0.5-3.5) to 6 (IQR, 4.5-7.5) [bootstrap p<0.0001] for every single one of the randomly allocated pairings (5200 pairings, which was the largest feasible number of repeated analyses we could undertake). Most delegates had poor cognitive skills for UKA before the course and improved significantly after the course. Sub-analysis of each question topic showed significant improvement in scores for all topics after the course (bootstrap p<0.0001, Table) . Nonetheless, the extent to which individual topic scores improved varied widely. The odds ratio for the pre-versus post-course total test score was 4.36, which indicated that the odds of giving a correct answer post-course was 4.36 times that obtained precourse. A mixed CME course could enhance the nontechnical (cognitive) skills of UKA.
discussion
UKA is technically demanding and highly procedural, and involves successful execution of skill-based, rule-based, and knowledge-based tasks to achieve a satisfactory outcome. Underperformance in any of the tasks can adversely affect outcome. The importance of error detection and error reduction for improving surgical outcome has been reported. 23 The performance of surgeons can be predicted by their ability to detect errors. 24 Thus, the role of nontechnical skills (such as error detection) is important for surgical performance and outcome.
Sub-analysis of scores for each question revealed that a proportion of surgeons still could not answer the questions correctly after the course, despite improvement in overall scores. Attending a course did not automatically improve cognitive skills. Different surgeons had varying levels of motivation for learning. In countries such as the United Kingdom where CME courses may become an established source of information to support revalidation (a new approach to the regulation of doctors), 25 it is important to evaluate both their educational impact and whether participants achieve course objectives.
Adult learning theory suggests that interactive techniques facilitate a deeper approach to learning than didactic methods. 26 In agreement with previous 27, 28 our study demonstrated that interactive or mixed courses had a greater educational impact than didactic methods alone. Pre-and post-course tests are essential in evaluating the benefit of such educational interventions. They help participants to identify areas of deficit and provide them with focused training and supervision. The tests can act as quality control measures to assist organisers in evaluating whether the learning objectives are achieved.
One limitation of our study was that owing to the confidentiality clause (anonymity of the participants) imposed by the course organisers, it was not possible to pair the pre-and post-course test scores for each participant. We therefore used multilevel modelling to accommodate 71 paired and 49 extra post-test scores in the same analysis, involving a large number of repeated analyses comprising randomly allocated pairings. This enabled us to circumvent the lack of independence of 71 pre-and post-course tests. Furthermore, our study was conducted during a single course; further assessments of the course in various international conferences are needed to confirm reproducibility of the results.
Attending a suitable instructional course that uses mixed teaching methods significantly enhances the cognitive skills required for successful UKA. The educational impact of trauma and orthopaedic CME courses warrants further investigation.
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